INTRODUCTION
The influence of filter feeders on their ecosystem has been principally studied through the biogeochemical cycles of carbon (Hawkins & Bayne 1985 , Rodhouse & Roden 1987 , nitrogen (Jordan & Valiela 1982 , Kaspar et al. 1985 and phosphorus (Kuenzler 1961) . Filter feeders are efficient vehicles of particulate matter from the water column to sediments by filtration coupled with biodeposition (Kautsky & Evans 1987) , which leads to the accumulation of organic matter in sediments and the enhancement of benthic fluxes of nutri-ABSTRACT: Thau lagoon is a Mediterranean shellfish ecosystem with large biomasses of oysters growing in waters with high residence time due to low tidal ranges. The influence of filter feeders (oysters and their epibiota) on the spatial distribution of particulate and dissolved compounds in the water column of Thau lagoon was studied through its variation with time. In 1991/1992, daily variations were investigated in pens, corridors and outside shellfish farming zones for nutrients, chlorophyll a and primary production. Salinity, dissolved oxygen, nutrients, organic matter and chlorophyll a were also monitored in surface waters inside and outside shellfish farming zones each week from January 1993 to March 1994. The presence of shellfish farms led to a decrease by only a few percent of oxygen concentrations in their vicinity, but the mean (± SE) deficits of chlorophyll a and POC concentrations were 44 ± 4% and 26 ± 9% respectively in the eastern zone (8 m). The shift induced by filter feeders in phytoplankton composition favoured picophytoplankton with higher growth rates. But the summer increase in phytoplankton growth rate was stronger than the positive feedback due to filter feeder filtration. Summer was determinant for the growth of oysters owing to enhanced regenerated primary production. During this period, filter feeders were not food limited, while they tended to control phytoplankton biomasses and production the rest of the year. The nutrient excess in shellfish farming zones was highly significant, with increases of 73 ± 16, 36 ± 12 and 19 ± 8% for ammonia, phosphates and silicate respectively in the eastern zone. In the western zone, the nutrient excess was less strong by half for ammonia and phosphate, because the lower depth (4 m) allows light to reach the bottom and enables benthic macroflora to grow on nutrients of benthic origin. The decline of phytoplankton biomasses in shellfish farms induced a decrease in the nutrient demand, especially for ammonia. This situation was likely to favour nitrification, which led during autumn to higher nitrate concentrations within shellfish farming zones than outside. Therefore, filter feeders were able to alter the dominant biogeochemical process in the water column by stimulating nitrification.
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Resale or republication not permitted without written consent of the publisher ents (Sornin et al. 1986 (Sornin et al. , 1990 . Direct release of nutrients in the water column by excretion from reared filter feeders and their epibiota is also an important pathway for remineralisation (Dame et al. 1985) . Consequently, shellfish farming areas act as sinks of particulate matter and sources of nutrients for the water column (Dame et al. 1989) . Infact, the biogeochemical composition of waters has not been seen to vary significantly between the vicinity of extensive shellfish farming areas and outside (Kaspar et al. 1985 , Souchu et al. 1991 . In contrast to the shellfish farming areas of the Atlantic coast, the Thau lagoon is characterised by a lack of tides and sediment resuspension, and the oysters are suspended on ropes in the water column rather than being on or slightly above the sediment. In such ecosystems carrying intensive shellfish farming activities, the depletion of the chlorophyll a concentration in shellfish farming zones (Tournier & Pichot 1985 , Jarry et al. 1990 ) was a first indication of a significant shift in the biogeochemical cycles of elements, due to the presence of filter feeders. Early shellfish farms have been installed for almost a century in this ecosystem. However, no study focused on the ecological impacts of shellfish farming activities has been undertaken. The present study, based on a 3 yr programme, reports on the influence of filter feeders on the spatial distribution of particulate and dissolved compounds in the water column of Thau lagoon through its variation with time (season and day).
MATERIALS AND METHODS
Thau lagoon is located on the French Mediterranean coast (Fig. 1) . The 3 shellfish farming zones cover 18% of the total area with intensive activities (40 oysters Crassostrea gigas per m 2 of shellfish farming zone for a standing stock of 25 000 t of oysters). The pens on which the oyster lines are suspended are organised into blocks (Stn P) divided by wide (Stns ZA and ZB) and narrow corridors (Stn SC). A first intense sampling period was conducted in 1991/1992 in order to determine day-to-day variability in 4 different seasons (July 1991 , October 1991 , January 1992 , April 1992 . A second longer term study over a 15 mo period in 1993/ 1994 looked at spatial variability. The influence of the shellfish farming zones was studied through the weekly comparison of Stn ZA with Stn RQ, and Stn ZB with Stn TB, from January 1993 to March 1994 (Fig. 1 . In order to assess the influence of the pens, the sampling stations were chosen in Zone B (ZB) for their intermediate depth (5 m) and their central position (Fig. 1) . Stns P, SC, ZB and TB were visited on 4 occasions (July 1991 , October 1991 , January 1992 and April 1992 during 5 consecutive days at 5 depths (0.1, 1, 2, 3 and 4 m). The parameters studied were temperature, salinity, NH 4 + , NO 3 -, SRP, chl a and pelagic Primary Production (PP). Stn ZB was not sampled in July and not studied for chl a. During the January sequence, a snowstorm prevented us from sampling all variables on the third day (22 January), except for chl a.
Salinity and temperature were recorded with a WTW LF 196 conductimeter (accuracy ± 0.5 %). For O 2 measurements, samples were carefully withdrawn from the Niskin bottle, fixed on board and measured by Winkler titration (Aminot 1983) . Samples for NH 4 + determination were fixed on board and mea-142 Fig. 1 . Location of the sampling stations in Thau lagoon and distribution of winds (%) on the compass dial. Inset shows locations of Stns ZB, P and SC among oyster pens. Stn ZA is situated in a wide corridor sured using the method of Koroleff (1976) . For other nutrients and particulate matter, the water was prefiltered through a 200 µm screen, filtered through a rinsed, precombusted Whatman GF/F filter and stored within 1 h after sampling. Filtrates were analysed for NO 3 -and SRP with a segmented flow analyser (Tréguer & Le Corre 1975) . Determinations of POC and PON were performed on filters with a Perkin-Elmer CHN 2400 analyser. Concentrations of chl a were measured by a fluorimetric method (Holm-Hansen et al. 1965 ) after filtration of 500 ml through a Whatman GF/F filter. Methods are detailed in Souchu et al. (1997) .
Primary production (PP, µg C l -1 h -1 ) was measured according to the method of Steemann-Nielsen (1952 ). In situ incubations lasted 4 h on average around the middle of the day. At the end of incubations, formalin was added in the bottles (1% final concentration) according to Riemann & Jensen (1991) . Then, 40 ml was withdrawn from each bottle and gently filtered through a 25 mm Millipore HAWP cellulose nitrate membrane. Filters were air dried and acidified with 100 µl 1 N HCl, placed in 4 ml of scintillation cocktail (Packard Instagel) and assayed with a Packard Tricarb 300 liquid scintillation counter.
The IFREMER observation network provided records of temperature and salinity from 1971 to 1990. Rainfall on the watershed was obtained from the National Meteorological Board of Montpellier, and wind velocities from the automatic records of a meteorological station installed on a pen near Stn ZB (CIMEL Electronique, Paris).
RESULTS
Results from the spatial survey are presented first, in order to describe the ecological context of the survey and the influence of the shellfish farming. The intensive temporal variability study is presented second, allowing a more detailed description of the phenomena involved in the resulting biogeochemical compositon of the water column.
Weekly variations (1993/1994 survey)
Water temperature from ZA (1 m) showed a wide seasonal range from 6°C in February to 26°C in August (Fig. 2) . The total annual rainfall recorded on the watershed (682 mm) was close to the mean for the past 3 decades (623 mm). The rainy periods (spring and 143°F ig. 2. Time course of rainfall on the watershed and temperature (T), salinity, NO 3 -, chl a and POC concentrations at Stn ZA from January 1993 to March 1994 autumn) corresponded to peak rainfall values, especially in November, which corresponded to more than 40% of the total annual rainfall (Fig. 2) . In April and November, salinity reductions followed, with a lag of 1 wk, the occurrence of heavy rainfall on the watershed. The strong salinity reductions corresponded to high NO 3 -concentrations, which were followed by high chl a concentrations at ZA (Fig. 2) . Peak values of POC did not correspond to reductions of salinity. Some of them coincided with high chl a concentrations. Nevertheless, no significant correlation was found between POC and chl a, and numerous peaks of POC concentrations were measured despite chl a con- In order to investigate the influence of shellfish farming, the sampling strategy we used considered Stn ZA and Stn RQ samples as paired data, comparing for each parameter the mean of ZA minus RQ (ZA -RQ = δZA) to 0 with α at 0.05. This 1-sample analysis was also applied to the second set of data collected in the western part of the lagoon (ZB -TB = δZB). Variations of salinity between Stn ZA and Stn RQ were not significant (Table 1) , while for temperature, they were significant, with values slightly higher at ZA. The deficit of particulate matter was highly significant in shellfish farming zones, and at both sites a decrease of about 25 and 40% for POC and chl a concentrations occurred respectively. In November the phytoplankton bloom at ZA was several days ahead of that at RQ, which induced a strong variation of δZA in chl a concentrations (Fig. 3) . Concentrations of O 2 were significantly lower at stations from the shellfish farming zones, with a mean deficit of under 5% (Table 1) . No seasonal variation of δZA O 2 was observed (Fig. 3) , and the strong negative value recorded in October (< -150 µM) was clearly related to the entrance of Mediterranean waters, as reported in Souchu et al. (1997) . Nutrient concentrations were higher in shellfish farming zones than outside, except for NO 3 -. The excess of NH 4 + , SRP and Si concentrations at shellfish farming stations was more significant in the eastern part (due partly to the higher number of samples) and was twice as much as in the western part (Table 1) . For NH 4 + , δZA increased in summer (Fig. 3) , and significant linear correlations (p < 0.003) were found between temperature and δZA for NH 4 + , but also for SRP and Si concentrations. Positive but less significant correlations (p < 0.02) were also found between temperature and δZB for NH 4 + , SRP and Si concentrations (assuming similar surface temperature for Stns ZA and TB).
Daily variations (1991/1992 survey)
The 4 study periods were characterised by low precipitation rates compared to those reported over the past 3 decades. Salinity was therefore above the mean values in all seasons (Table 2) . Within each season, no variation with time and between stations was found for salinity and temperature (ANOVA, p > 0.1). Data for PP, nutrients and chl a concentrations did not follow a normal distribution pattern, and a Kruskal-Wallis analysis was applied with stations, days and depth as classification factors (Table 3) . For all parameters and 23.4 ± 1.9 12.6 ± 1.7 6.6 ± 1.8 12.6 ± 1.7 all seasons, daily variations were always significant except for PP in April, while no significant variation with depth was found, except for PP in October and January. The influence of stations was variable depending on the parameter and the study period.
In July, winds were moderate, from a westerly direction (Table 2) . This season was a period of maximum PP (Table 3) , which varied from 13.3 ± 1.2 µg C l -1 h -1 in the pens (Stn P) to 27.4 ± 3.9 µg C l -1 h -1 outside the shellfish farming zone (Stn TB). Daily variations of PP were strong at the 3 stations but relatively low at Stn P (Fig. 4) . Concentrations of chl a were maximum in July (Table 3) . They were always lower in the shellfish farming zone than outside but remained above 1 µg l -1 at Stn P (Fig. 4) . In July, concentrations of NH 4 + were the lowest reported in this study with no significant variation between stations (Table 3 ). In contrast, SRP concentrations reached their maximum in July, displaying higher levels in the shellfish farming zone than outside (Fig. 4) .
In October the lowest wind speed was recorded, with a mean value under 4 m s -1 ; temperature was well above the mean (Table 2 ). Mean PP was 2/3 lower than in July (Table 3) , and decreased from 12.6 ± 0.9 µg C l -1 h -1 at Stn TB to 4.1 ± 0.2 µg C l -1 h -1 in the shellfish farming zone (Fig. 5) . Concentrations of chl a displayed a similar pattern (Fig. 5) , with a noticeable attenuation of daily variations in the shellfish farming zone. Concentrations of NH 4 + were the highest recorded during the daily study (Table 3) , and were significantly higher in pens (Stn P) than outside (Stn ZB, SC and TB) during almost the entire 5 d sequence (Fig. 5) . At Stn TB, the strong increase of chl a concentrations from 15 to 16 October corresponded to the depletion of NH 4 + concentrations. In the shellfish farming zone, the decrease of NH 4 + concentrations was more closely related to the increase of NO 3 -concentrations. Significantly higher levels of NO 3 -concentrations in the shellfish farming zone were also recorded during this season (Table 3) .
January was characterised by a storm coming from a north-easterly direction, with wind speeds rising above 10 m s -1 . During this cold period, PP was close to the detection limits, and did not show significant difference between the shellfish farming zone and outside (Fig. 6) . Before the storm, chl a concentrations were close to 1 µg l -1 at Stn TB but near 0.8 µg l -1 in the shellfish farming zone. They increased drastically after the storm, with chl a reaching 7 µg l -1 at TB (Fig. 6 ) and dropping to near 1 µg l -1 the day after. This peak value of chl a concentrations was not observed for PP. Despite the strong mixing induced by winds, the influence of the shellfish farming zone on nutrients was significant, except for NO 3 - (Table 3 ). In April, the wind was moderate (Table 2) , blowing from a north-westerly direction. During this entire sequence, PP was under 5 µg C l -1 h -1
, but significantly lower in the shellfish farming zone (Stn SC, P) than at Stn TB (Table 3 , Fig. 7) . Concentrations of chl a were also lower in the shellfish farming zone with levels similar to those reported at the same stations in October and January before the storm (Fig. 7) . Concentrations of NH 4 + were below 1 µM, but significantly higher in the shellfish farming zone than outside (Fig. 7) . Nevertheless, no differences between pens and corridors were observed. 
DISCUSSION
In contrast to the shellfish farming areas of the Atlantic coast, where nutrient cycling is more likely to be controlled by physical phenomena such as tides and sediment resuspension, the intensive shellfish farming of the Thau lagoon will impact the water column more through biological phenomena, except during the rare wind events (see below).
Due to the Mediterranean climate, this ecosystem receives erratic but strong discharges of freshwater from its watershed, which intermittently provide nutrients to the water column. Primary production transforms these nutrients into particulate matter. The grazing of heterotrophic communities on phytoplankton (Lam Hoai et al. 1997) should explain several peak values of POC concentrations, and particularly those following peaks in chl a concentrations. The relationship between PON and POC concentrations at ZA is similar to that reported from data collected in summer 1994 at the same station (Souchu et al. 1998 ). The slope is close to the Redfield C:N ratios in plankton, and the intercept, interpreted as the non-degradable fraction Increasing chl a concentrations reported in January (Fig. 6) could not come from enhanced pelagic primary production because new inputs of nutrients were unlikely in view of the rainfall and salinity (Table 2) . These high chl a concentrations, coupled with low PP, were undoubtedly due to resuspended microphytobenthos, which are abundant in Thau lagoon; biomasses range from 50 to 250 mg chl a m -2 at ZB (Barranguet et al. 1994 , Denis et al. 1996 . Benthic resuspension can occur when winds blow strongly lengthwise to the lagoon (Cugier et al. unpubl. data) . The wind distribution pattern (Fig. 1) shows a strong dominance of winds blowing from a north-westerly direction, or across the width of the lagoon. Winds blowing lengthwise along the lagoon (north-east and south-west) are less frequent (<10%), and wind speeds above 10 m s -1 are also rare (<10%). Therefore, due to the low tide range (<1 m, Millet 1989) and the rare occurrence of strong winds blowing from northeasterly and south-westerly directions (Fig. 1) , benthic resuspension must be considered an exceptional event in this ecosystem. Consequently, only the first 2 d of the January sequence (before the storm) should be considered the typical winter situation, with minimum levels of PP and chl a concentration. In Thau lagoon, filter feeders thus subsist essentially on the plankton production.
Despite strong seasonal variations in Thau lagoon during the weekly study, Stns ZA and RQ showed similar salinity patterns without significant difference. The very small but significantly higher temperature at ZA (Table 1) could be due to the decrease of advective processes induced by pens (Grenz et al. unpubl. data) . The non-significance of δZA for NO 3 - (Table 1) showed that both stations received similar freshwater inputs from the watershed. The same can be said for chl a, except for 2 samples. The exchange between Mediterranean waters and the lagoon can also induce variations between ZA and RQ, but the influence of Mediterranean waters was clearly detected only in October during the study period ). We could then state that Stns ZA and RQ were located in the same water mass and that the differences in biogeochemical parameters were due essentially to shellfish farming activities. Although no salinity and temperature data were available at Stns ZB and TB during the weekly study, results from the daily study enabled us to assume that Stns TB, ZB, SC and P belong to the same water mass ( Table 2 ). The deficit of chl a concentrations (> 40%) in shellfish farming zones (Table 1) is higher than the 13 to 25% calculated in 1986/1987 by Jarry et al. (1990) , even if the distinct sampling strategies preclude a strict comparison between the 2 studies. Lam Hoai et al. (1997) measured, in shellfish farms, a deficit in microzooplankton biomasses (40 to 200 µm pore size) corresponding to about 30 %. The difference in deficit between chl a and POC is probably due to the preferential grazing of filter feeders on phytoplankton.
During the daily study, no heavy rainfall and, consequently, no significant decrease of salinity was recorded (Table 2) . Very little input of nutrient-enriched freshwater was thus expected, and PP measurements accordingly corresponded essentially to regenerated production. Except for July, chl a concentrations remained near or below 0.9 µg l -1 at stations inside the reported for the mean annual picophytoplankton biomass in Thau lagoon (Courties et al. 1994) . Moreover, insignificant/low daily variations at these stations indicate that phytoplankton was filtered as soon as it was produced through PP. It may be assumed that, except for the summer period, regenerated production limits the filter feeders' production. During seasons other than summer, the daily study tends also to show a strong homogeneity in chl a and PP of stations located in the shellfish farming zone. Corridors strongly undergo the pressure of filtration and should be considered cultivated areas. They act as fallow areas that contribute to maintaining phytoplankton production near pens. Bacher et al. (1997) developed a model on the impact of filter feeders by coupling a 2D transport equation and a simple model of the nitrogen cycle. The model explains that the shellfish farming zones on the whole import phytoplankton from the other parts of Thau lagoon through advection. However, our results show that the lagoon is not filtered uniformly by shellfish and their epibiota. July was the only season when chl a levels were near or above 1 µg l -1 in the shellfish farming zone. Similarly, during July, PP was above 10 µg C l -1 h -1 in pens and corridors, with lower but still significant daily variations relative to water outside the shellfish farming zones. This suggests that the grazing pressure did not prevent phytoplankton from accumulating in the shellfish farming waters. Filter feeders display maximum clearance rates during summer (Mazouni et al. 1998b ). The warm season should be a key period for their growth, which is assumed not to be limited by food availability. The IFREMER REMORA monitoring network (Le Bec & Mazurie 1992) found maximum growth rates for Crassostrea gigas during summer in Thau lagoon (Fleury et al. 1999) , which confirms this hypothesis. Nevertheless, the deficit of chl a is not limited to pens during July, but the influence of pens compared to corridors shows the strong pressure on phytoplankton by filter feeders which could refilter water in their vicinity (Jordan & Valiela 1982) .
The utilisation of the primary production:biomass ratio (P :B) as an index of phytoplankton specific growth rate is not always justified, because changes in this compound variable could be due to variations in cell pigmentation alone (Falkowski 1981) . However, given the quasi-synoptic sampling design used here, it is probably safe to assume that cell pigmentation was constant between stations on a given date. It is therefore justifiable to make between-station comparisons on a given date (Fig. 8) .
In Thau lagoon, the regenerated production is notably limited by inorganic nutrients and especially by dissolved inorganic nitrogen (DIN), which is the first factor limiting summer primary production in Thau lagoon (Picot et al. 1990 ). Consequently, DIN concentrations reach their minimum values in summer under the pressure of primary producers. In contrast, benthic fluxes of SRP are enhanced during summer and tend to accumulate in the water column (Souchu et al. 1998) . The regenerated primary production is then controlled by endogenous DIN fluxes at the watersediment interface (Mazouni et al. 1998a ) and in the water itself through the microbial loop (Gasc 1997) . These NH 4 + fluxes, which are temperature dependent, should be responsible for the strong increase of primary production during summer. This process explains the significant correlations (p < 0.05) between P :B and temperature inside and outside the shellfish farming zones (Fig. 8) .
Picophytoplankton dominates numerically the phytoplankton assemblage in Thau lagoon (Chrétiennot-Dinet et al. 1995) , but nanoplanktonic diatoms mainly contribute to the phytoplanktonic biomass on a yearly basis. However, in summer, picophytoplankton, and notably Ostreococcus tauri, production is largely responsible for the strong increase of P :B ratios (Courties et al. 1994) . O. tauri was reported to have a maximum growth rate of 4.2 divisions d -1 in cultures (Courties et al. 1998) , which can match those of diatoms (Furnas 1990) . The effect of shellfish farming on phytoplanktonic group abundance was studied in parallel to our daily sampling by Vaquer et al. (1996) . Even if reared oysters are associated with numerous epifaunal species (Mazouni et al. 1998a) , which are filter feeders with higher retention efficiency (David 1971 ), Vaquer et al. (1996 did not notice any significant influence of shellfish farming zones on the abundance of pico- planktonic cells. However, these authors found higher abundance of nanoplanktonic and larger cells at Stn TB than at Stn ZB in July, October and April, but not in January. Filter feeders induce a shift in phytoplankton composition towards small cells with faster growth rates (Prins et al. 1998) . Shellfish farming areas tend to increase the P :B ratios in their vicinity (Fig. 8) . This shift in growth rate is not significant during summer, because the effect of increasing temperature, which is much more important, tends to override the influence of shellfish farming zones. The particulate matter filtered by filter feeders can be recycled in underlying sediments after biodeposition (Deslous-Paoli et al. 1992 ) and directly through excretion (Bayne & Scullard 1977) . The enrichment of surface waters in the vicinity of shellfish farms with NH 4 + , SRP and Si illustrates this heterotrophic component induced by bivalves in their ecosystem (Prins & Smaal 1994) . The positive linear relationship between temperature and the excess of NH 4 + , SRP and Si concentrations at shellfish farming stations should be linked to those existing between temperature and nutrient benthic fluxes reported in Thau lagoon by Mazouni et al. (1996) . The cyclical pattern of variation between NH 4 + , SRP and Si concentrations suggests that biodeposits accumulate at the water-sediment interface and are recycled to a large extent during the warm season due to enhanced remineralisation processes (Sornin et al. 1990 ). The excretion rates of filter feeders are also temperature dependent and display summer maxima (Kautsky & Wallentinus 1980 , Mazouni et al. 1998b ). Moreover, oysters and their epibiota can retain biodeposits and other sinking organic particles which can accumulate at the water-filter feeder interface. The former displays similar components to those encountered at the sediment-water interface such as positive NO 3 -fluxes (nitrifying bacteria) and polychaetes (Mazouni et al. 1998a,b) . Therefore, the respective contribution of water-sediment and water-filter feeder interfaces to the summer increase of nutrient fluxes are difficult to quantify from this study. Nevertheless, biogenic silicon from diatoms may be biodeposited to a much greater extent than excreted by filter feeders (Prins & Smaal 1994) . It is thus likely that biodeposition prevails quantitatively over recycling processes in shellfish farms (Jordan & Valiela 1982 , Kim 1983 , Kaspar et al. 1985 , Hawkins & Bayne 1985 .
In the surrounding vicinity, the presence of shellfish farms leads to a decrease of O 2 concentrations by only a few percent. The respiration by oysters (and associated epifauna) coupled with the decreased production due to the deficit in phytoplankton biomass do not represent an important oxygen sink for the water column (Table 1) . In Thau lagoon, the oxygen demand by sediments is the major biological process influencing the oxygen cycle (Mazouni et al. 1996) . Souchu et al. (1998) showed that bottom anoxia can develop in the deepest parts of the lagoon in summer, and outside (RQ) as well as inside (ZA) shellfish farming areas. Consequently, biodeposition cannot be considered as responsible for excessive oxygen consumption.
The excess of nutrients from shellfish farms is lower in the western part (ZB) than in the eastern part (Table 1) , because, due to shallower depth, sediments in the western areas receive sufficient light to permit the development of algal mats and eelgrass, Zostera marina (Gerbal & Verlaque 1995) . In the eastern part, especially in the deepest shellfish farming area (> 6 m), benthic macroflora communities are virtually absent, because light limitation and recurrent summer bottom anoxia prevent them from permanent colonisation. Consequently, their uptake of benthic nutrients is lower than in the western part of the lagoon. Nutrients from benthic fluxes and, among others, nutrients remineralised from biodeposits are more readily available to phytoplankton in the eastern shellfish farming zone than in the western part, where competition from benthic macroalgae is stronger. This difference, induced by the depth, tends to favour filter feeders reared in the deepest part of the lagoon. Oysters from the ZA sector do indeed have better growth rates of about 40% than those reared in the western part (Fleury et al. 1999 , and other REMORA reports)
The decline of phytoplankton biomasses in the vicinity of shellfish farms tends to reduce the pressure on nutrients. This situation is likely to favour benthic flora but also pelagic nitrifying bacteria, although the former can be inhibited by light in summer (Ward 1985 ). Early autumn is often characterised by an increase of NH 4 + concentration, probably due to the decay of summer communities in the water column (Gilbert et al. 1997) . In October (Fig. 5) , NH 4 + was depleted by primary production at the station outside the shellfish farming zone, while it was probably more nitrified in pens and corridors. Therefore, filter feeders are able, at certain times, to alter the dominant process in the water column by stimulating nitrification. This is an important new feedback process in bivalve-dominated ecosystems which could be added to those reported by Prins et al. (1998) .
Conclusions
Thau lagoon is a shellfish ecosystem with a different pattern of functioning from many of those studied on the Atlantic coast, where strong tides and steady freshwater inputs provide filter feeders with materials other than plankton (Héral et al. 1983 , Smaal & Haas 1997 .
The impact of shellfish farms with suspended ropes has been investigated in ecosystems with low densities of filter feeders (Souchu et al. 1991) or with strong tidal currents (Kaspar et al. 1985) , and no significant influence of filter feeders was found. Thau lagoon displays a case of large biomasses of filter feeders growing in waters with high residence time due to low tides. The influence of shellfish farming on the in situ water chemistry is therefore significant during all seasons, and, except for summer, filter feeder growth is controlled by phytoplankton availability. The mean (± SE) deficits of chlorophyll a and POC concentrations are 44 ± 4% and 26 ± 9% respectively in the shellfish farming zone. The nutrient excess in shellfish farming zones was highly significant with increases of 73 ± 16, 36 ± 12 and 19 ± 8% for ammonia, phosphates and silicate respectively. During summer, filter feeders are not food limited by the regenerated primary production, which is strongly increased by enhanced benthic nutrient fluxes.
